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© Flash plug for I.V. catheters. 



© A flash plug for an I.V. catheter is formed of a body (34) of polymeric material, and has a narrow distal end 
(32) for insertion within a catheter flash chamber and a larger proximal end which extends from the flash 
chamber. The flash plug has an aperture extending through it from the distal to the proximal end. Anjn§£rtj§0i 
of a porou s material is located within the aperture, and is capable of passing air and blocking the flow of blood- 
fhe catheteT^ody is compatible with flash chamber material so as to remain securely located within the flash 
chamber and provides protection for the insert. The aperture diameter is sized to retain the porous insert 
securely within the flash plug body. 
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FLASH PLUG FOR I.V. CATHETERS 



This invention relates to intravenous catheter assemblies for the administration of fluids to patients and, 
in particular, to means for venting air to enable blood to flow from a blood vessel during a venipuncture 
procedure into a blood-detecting chamber in the catheter assembly. 

During the placement of a needle or flexible plastic catheter into a vein or other body member, rt is 
5 desirable to determine whether or not the tip of the needle or catheter is properly situated within the vessel. 
Because the introduction of the assembly into the vein is normally accomplished by the use of a rigid 
metallic needle, it is impossible to detect the presence of blood in the needle and, likewise, the presence of 
the needle tip in the vein. Introducer needles are normally equipped with a hub and some prior art devices 
have equipped the hub portion of the needle with transparent flash chambers into which the blood may flow 
io to indicate that the needle point is properly placed. The fl ash chamber in tu rn is con ventionally sealed at 
th e^rear by a vented membrane or flash plug which serv es two purposes: to rapidly vent air from the flash 
cha mber ^scTthat it WflT quickly fill with blood "when the needle_and_catheter are properly situated, and to 
prevent jeakaoe of blood from tne tilled TTashchamber. " " " 

~ These two functions of a flash plug arTTrThei^rTfly^ontradictory. On the one hand the flash plug should 
75 readily permit the flow of air from the needle and flash chamber. But on the other hand, the flash plug 
should completely seal the flash chamber so that there is no blood leakage. 

The prior art contains several approaches directed toward meeting these conflicting requirements. U.S. 
Pat. 3,859.998 shows a flash plug with a sl itted diaphrag m. The slit in the diaphragm will permit the flow of 
air out of the- flash chamber, but will not readily pass blood by reason of the viscosity of the blood and 
20 surface friction. In some circumstances, however, the slit does not completely prevent leakage. Another 
flash plug with a slitted diaphragm is shown in U.S. Pat. 4,193,400. In the flash plug of that patent, the 
portion of the flash plug which extends into the flash chamber contains three slits. 

A second approach to a venting flash plug is shown in U.S. Pat. 4,365,998. The catheter in that patent 
contains a flash chamber with dividers forming a maze-like blood flow path through the chamber. The flash 
25 chamber includes the necessary venting port at the rear of the chamber, however, so that, while the maze 
may deter the passage of blood through the chamber, it will still ultimately arrive at the venting port and 
leak out of the catheter. 

Another approach to a venting flash plug is shown in U.S. Pat. 4,193,399. In that patent the flash plug is 
made of a porous polymeric material which passes air, but has a p ore size, small enough to oppose blood 
30 flow through the material. The material used in the '399 patent is an ultra-high molecular weight 
polyethylene (UHMWPE), available commercially under the trade name "POREX" from the Porex Materials 
Corporation. 

While the UHMWPE type material acceptably meets the above two requirements for a flash plug, the 
present inventor has found that is also presents several limitations. The UHMWPE plug is made of a 

35 sintered polyethylene material, and accordingly is rather brittle, it has been found that the plug can fracture 
when it is accidentally bent or dropped. A flash plug with better structural characteristics would be more 
desirable. Additionally, the UHMWPE material is characterized by a high modulus and low elastic limit. 
Consequently when it is compressed as it is inserted into the flash chamber, it will not decompress and 
spring back to its full original diameter. Furthermore, the modulus differential between the high modulus 

40 plug and a flash chamber of low density material, such as low density polyethylene, provides the flash plug 
with low creep resistance when inserted into the flash chamber. This combination of material characteristics 
causes the UHMWPE plug to exhibit low retention forces in the flash chamber. Consequently, the flash plug 
will often vibrate out of the flash chamber during transportation, presenting the user with the impression that 
the catheter has not been fully assembled or has been tampered with. It is desirable for a flash plug not to 

45 become easily dislodged during transit to the user. It is further desirable for a flash plug to be capable of 
inexpensive manufacture in quantity, and to be made by relatively simple processing techniques. 

In accordance with the principles of the present invention, a flash plug is provided for the flash chamber 
of an I.V. catheter. The flash plug comprises a generally cylindrical body with a shoulder demarcating the 
diametric transition- between the smaller distal end of the plug which engages the flash chamber and the 

so larger proximal end extending from the flash chamber. The body is formed of a material compatible with the 
flash chamber material for secure retention therein. The flash plug body includes a passageway extending 
therethrough which ™ nfQin ^ i np frrt of a po rnn s material. The flash plug is thus simple and economic to 
manufacture, and providesQ he advantages of air permeability and leakage preven tion of the UHMWPE plug,""^ 
with secure retention within the' flash chamber. In a preferred embodiment, the tlaSh plug passageway j S - 
sized to an internal diameter slightly smaller than that of the porous insert. The passageway may also be 
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tapered to a smaller diameter at the distal end of the flash plug. The insert is retained in place in the 
passageway by a gate projecting from the interior wall of the passageway proximal the intended location of 
the insert in the passageway. 
In the drawings: 

FIGURE 1 is a perspective view of an I.V. catheter assembly constructed in accordance with the 
principles of the present invention; 

FIGURE 2 is a cross-sectional view of the flash plug of FIGURE 1, including a rod-like insert of 
porous material; 

FIGURE 3 is a cross-sectional view of a flash plug constructed in accordance with the principles of 
the present invention; 

FIGURE 4 is a preferred embodiment of a flash plug of the present invention with the porous insert 
retained by a minimum interference fit; and 

FIGURE 5 is a second preferred embodiment of a flash plug of the present invention with the porous 
insert retained by a maximum interference fit. 

Referring first to FIGURE 1, an I.V. catheter constructed in accordance with the principles of the present 
invention is shown. The catheter 10 comprises a t ube 15 made of fluorinated ethylene propylene or 
pol yurethane material. The tube 15 is tapered at its distal end where it may easily slide into an opening in 
the patient's body formed by a hollow needle 12. The catheter tube 15 is concentrically affixed by 
mechanical or adhesive means to a catheter hub 16, 18. The dual diameter hub terminates at its proximal 
end in a tab or fitting 14, suitable for attaching the catheter hub to a tubing set which administers a source 
of intravenous fluid. 

The catheter 10 is engaged by the hollow needle 12, which is affixed to its own hub 20. The needle hub 
20 is hollow and includes a proximally located flange 22. Molded to the flange is a hollow flash chamber 24 ( 
which is made of a transparent or translucent polymer such as polypropylene or polycarbonate. The 
proximal end of the needle terminates in the hub 20, just short of the flash chamber. In a preferred 
embodiment the interior diameter of the hub at the proximal end of the needle 12 is approximately the 
same as the interior diameter of the flash chamber 24. The flash chamber 24 terminates at its proximal end 
26. 

Inserted into the flash chamber 24 (but shown separated just prior to insertion in FIGURE 1) is a flash 
plug 30. The flash plug 30 is made of a polymeric material compatible with the material of the flash 
chamber such that the flash plug will frictionally remain in place when inserted into the flash chamber. In a 
constructed embodiment the flash plug body is formed of low density polyethylene (LDPE). The flash plug 
body comprises a smaller diameter distal end 32 sized for a frictional fit in the flash chamber 24, and a 
somewhat square proximal end 34 with convex sides, which enables an assembler to easily grasp and 
insert the flash plug into the flash chamber. At the jointure of the distal and proximal portions of the flash 
plug 30 is a shoulder 38 which meets the proximal end 26 of the flash chamber 24 when the flash plug 30 
is fully inserted into the flash chamber. The flash plug 30 is hollow with an aperture 36 extending 
completely through the flash plug body. The distal opening of the aperture 36 is visible in FIGURE 1 . 

The flash plug 30 of FIGURE 1 is shown in cross-section in FIGURE 2. This drawing shows the several 
interior diameters of the aperture 36. Located in the larger interior diameter of the proximal end of the flash 
plug is a cylindrical insert 50 of porous material. In the preferred embodiment the insert 50 is made of ultra- 
high molecular weight polyethylene (UHMWPE). At the distal end of the flash plug the aperture 36 is 
narrowed to prevent the porous insert from escaping from the aperture and entering the flash chamber. The 
interior of the narrow diameter portion 32 of the flash plug is also of a. smaller diameter than the outer 
diameter of the porous insert 50 to prevent passage of the insert beyond the larger diameter portion 34 of 
the plug. The transition in interior diameter of the aperture 36 Is indicated at 44. It may be appreciated that 
even a very small interior diameter within the distal portion 32 will be sufficient, since even a very small 
passageway will accommodate a substantial air flow from the flash chamber. 

A second embodiment of the fiash plug 30 of the present invention is shown in FIGURE 3. In this 
embodiment the aperture 36 is continuous tapered from a larger diameter at the proximal end of the flash 
plug to a smaller diameter at the distal end. The porous insert 50 slides into the aperture from the proximal 
end, and will slide through the aperture until it is seated by a tight interference fit toward the distal end 
(toward the right in the drawing). The flash plug of FIGURE 3 may be easily molded in a simple mold that 
will readily maintain the aperture tolerance necessary for the secure interference fit. The porous insert 50 
will remain tightly in place in the flash plug due to the relatively significant thickness of the walls of the flash 
plug, especially as compared with the thinner wall of the flash chamber. In addition, the porous insert is 
retained in the flash plug by the compressive forces of both the flash plug walls and the engaging wall of 
the flash chamber when the distal portion 32 is engaged within the flash chamber. The LDPE flash plug 
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itself remains secure within the polypropylene or polycarbonate flash chamber. 

When it is anticipated that the catheter will experience significant vibration and shock during transport, it 
may additionally be desirable to form a gate within the aperture 36 to prevent the porous insert from 
vibrating out of the proximal end of the flash plug. FIGURES 4 and 5 are cross-sectional views of flash plug 
* 5 30 with a gate or projection 42 formed proximal the porous insert 50. FIGURE 4 shows a flash plug in which 
the porous insert is held in a minimal interference fit, and FIGURE 5 illustrates a maximal interference fit. In 
both FIGURES the flash plug body has a length of approximately 0.6 inches, and the length of the insert is 
approximately 0.2 inches. 

In the embodiment of FIGURE 4, the cylindrical insert 50 has an outer diameter of approximately 0.136 

io inches as indicated at "A". At the peak of the concentric gate 42 the aperture has an inner diameter of 
approximately 0.133 inches as indicated at "B n . Proximal the gate 42 the apreture 36 has an inner diameter 
of 0.148 inches as indicated at n C n . From the gate to the distal end of the flash plug the aperture 36 is 
continually tapered to a smaller interior diameter to prevent migration of the porous insert out the distal end 
of the flash plug. It has been found that the gently rounded gate 42 will permit the porous insert to slide 

is over the gate when inserted from the proximal end of the flash plug, and the gate is sufficiently elastic to 
decompress to its original shape after passage of the insert, a characteristic of the LOPE material. 

In the maximal interference fit of FIGURE 5. the porous insert 50 has an outer diameter of approxi- 
mately 0.146 inches as indicated at "A". The interior diameter at the peak n B° of the gate 42 is 
approximately 0.127 inches. Proximal the gate the aperture 36 has an interior diameter of approximately 

20 0.142 inches as indicated at M C. Again the aperture tapers to an even smaller diameter at the distal end of 
the fiash plug. It may be appreciated that with these interior dimensions the porous insert 50 must be 
forced through the smaller diameters of both C and B, and for that reason the proximal end of the aperture 
is flared at 37 for insertion of the insert 50. 

The embodiments of FIGURES .4 and 5 satisfy all of the criteria of a good I.V. catheter flash plug. 

25 These flash plugs prevent the porous insert of UHMWPE material from vibrating out of the flash plug 
aperture, either distally due to the narrow distal diameter or proximally due to the gate 42. The embodiment 
of FIGURE 3 has been found to also be satisfactory for this purpose, since the porous insert is located in 
the distal end of the flash plug, a substantial distance from the proximal end. All of the illustrated 
embodiments have been found during in-vitro testing to exhibit hioh air venting capability, permitting th e 

30 fl ash chamber to vent and fill ^with^folqod in less t han one second for ne.edje^qauges of 22 and less; for 
needle gauges of ~24~and greater the flashback is suostantially instantaneous. It has been found that all of 
the embodiments pr event blood leakage through the plug during and after venous or arterial insert ion. The 
flash plugs do not become loose in the flash chamber due to the compatibility of the lower density materials 
of the flash plug body and the flash chamber, and porous insert will not break or fracture since it is 

35 protected by the plug body. The flash plug bodies illustrated are easy and inexpensive to mold in quantities 
while holding the necessary tolerances, and are easy to assemble. 

A further requirement for a flash plug is that the flash plug and catheter must be susceptible of 
complete and thorough sterilization. To determine whether the flash plugs of the present invention may be 
readily sterilized, a number of samples were tested using inserts of different porosity in a gas sterilization 

40 process. The insert samples were formed of ultra high molecular weight polyethylene and high density 
polyethylene. The tested inserts each had an outside diameter of 0.115 inches and a length of 0.2 inches, 
and were inserted in flash plugs constructed as shown in FIGURE 3. All samples were found to exhibit air 
flow rates in excess of that of the control samples, which were the slitted flash plugs shown in the 
aforementioned U.S. Pat. No. 3,859,998 for a 22 gauge catheter. The results of this testing are summarized 

45 in the following table: 





AIR FLOW RATE, SCCM 


AIR 
PRESSURE 


22.7 MICRONS 
C~44% POROSITY^ 


25-55 MICRONS 


35 MICRONS 


CONTROL 


-~~+30% porosity 


~42.45^0R0SIT7j 


10 mmHg 

n 

20 mmHg 

n 

n 


15.5 avg. 
23.0 high 
8.0 low 
34.0 avg. 
44.5 high 
22.0 low 


1 9.5 avg. 
25.0 high 
12.0 low 
35.0 avg. 
46.0 high 
23.0 low 


27.5 avg 
35.5 high 
20 0 low 
47.5 avg. 
62.5 high 
36.5 low 


7.5 avg. 
14.5 high 
4.0 low 
12.5 avg. 
17.0 high 
7.5 low 
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Claims 

5 

1 . A flash plug for an I.V. catheter comprising: 

a flash plug body formed of a polymeric material, and including a relatively narrow diameter distal end for 
engaging a cather flash chamber and a relatively larger diameter proximal end for extending from said flash 
chamber, said narrow and larger diameter portions being separated by a shoulder for engaging the proximal 
10 end of said flash chamber, said flash plug body including an aperture extending through said distal and 
proximal portions of said body; and 

an insert formed of a porous material and located within said aperture. 

2. The flash plug of Claim 1, wherein said porous insert is formed of an ultra-high molecular weight 
polyethylene material. 

75 3. The flash plug of Claim 2, wherein said aperture is narrowed at the distal end of said flash plug to 
prevent passage of said porous insert out said distal end. 

4. The flash plug of Claim 1, wherein the interior diameter of said aperture is tapered from a relatively 
larger diameter at said proximal end of said body to a relatively smaller diameter at said distal end, 
wherein said diameter at said distal end of said body is less than the diameter of said porous insert 

zo 5. The flash plug of Claim 4, wherein said interior diameter of said aperture is tapered such that said 
porous insert becomes securely seated when inserted into said insert from said proximal end of said body 
to a position which is substantially within said narrow diameter portion of said body. 

6. The flash plug of Claim 1 , wherein said aperture of said body further includes a gate formed within 
said aperture at a location proximal the intended position of said insert within said aperture. 

25 7. The flash plug of Claim 6, wherein said gate is formed in said aperture inside said larger diameter 
portion of said body, the interior diameter of said aperture at said distal end of said body is less than the 
outer diameter of said porous insert, and wherein said interior diameter of said aperture proximal said gate 
is larger than the outer diameter of said porous insert, 

whereby said porous insert is retained within said aperture in a minimal interference fit 
30 8. The flash plug of Claim 6, wherein said gate is formed in said aperture inside said larger diameter 
portion of said body, the interior diameter of said aperture at said distal end of said body is less than the 
outer diameter of said porous insert, and wherein said interior diameter of said aperture proximal said gate 
- is less than the out£r diameter of said porous insert, 

\ whereby said porous insert is retained within said aperture in a maximal interference fit 
be 9. The flash plug of Claim 2, wherein the average pore size of the pores of said porous insert is within 
I ( the range of 22.7 to 55 microns, whereby said porous insert exhibits a porosity within the range of 30 %_to 
/ 44%. " ' "~ 

I ~- TO. The flash plug of Claim 2, wherein said flash plug body is formed of low density polyethylene. 

11. The flash plug of Claim 10, wherein said flash plug is suitable for secure retention in a catheter flash 
40 chamber formed of polypropylene or polycarbonate material. 
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